Background: Sevoflurane is widely used to anesthetize children because of its rapid action with minimal irritation of the airways. However, there is a high risk of agitation after emergence from anesthesia. Strabismus surgery, in particular, can trigger agitation because patients have their eyes covered in the postoperative period. The aim of this study was to determine whether or not esmolol and lidocaine could decrease emergence agitation in children. Methods: Eighty-four patients aged 3 to 9 years undergoing strabismus surgery were randomly assigned to a control group (saline only), a group that received intravenous lidocaine 1.5 mg/kg, and a group that received intravenous esmolol 0.5 mg/kg and lidocaine 1.5 mg/kg. Agitation was measured using the objective pain score, Cole 5-point score, and Richmond Agitation Sedation Scale score at the end of surgery, on arrival in the recovery room, and 10 and 30 min after arrival. Results: The group that received the combination of esmolol and lidocaine showed lower OPS and RASS scores than the other two groups when patients awoke from anesthesia (OPS = 0 (0-4), RASS = -4 [(-5)-1]) and were transferred to the recovery room (OPS = 0 (0-8), RASS = -1 [(-5)-3]) (P < 0.05). There was no significant difference in the severity of agitation among the three groups at other time points (P > 0.05). Conclusions: When pediatric strabismus surgery is accompanied by sevoflurane anesthesia, an intravenous injection of esmolol and lidocaine could alleviate agitation until arrival in the recovery room. 
Introduction
In recent years, sevoflurane has become a popular anesthetic agent, affording hemodynamic stability, lowlevel stimulation of the airway, and low blood-gas solubility and permitting rapid induction of anesthesia and emergence. The rapid recovery from sevoflurane anesthesia reduces the risks of coughing and respiratory complications. [1] However, a high incidence of agitation on emergence from anesthesia (50%-80%) has been reported in children who receive sevoflurane. [2] Postoperative agitation not only causes pain and delays discharge from the recovery room, but also requires medical treatment. Several factors, including anxiety, young age, and pain, cause agitation in children. [3] Several agents, including midazolam and dexmedetomidine, are used to mitigate agitation. [4] However, these drugs are not safe for use in children; midazolam delays postoperative awakening, and dexmedetomidine can trigger side effects, such as hypotension, bradycardia, and asystole. [5, 6] Lidocaine relieves postoperative sore throat and reduces emergence agitation and coughing, [7, 8] and has been used to alleviate agitation in children during both induction of anesthesia and when awakening. However, it is not yet clear whether lidocaine reduces agitation.
Esmolol is often used to maintain hemodynamic stability; it also relieves stress during surgery and lowers the requirement for narcotics postoperatively. [9, 10] However, the use of esmolol to alleviate agitation in children has received little research attention. Many children become agitated after strabismus surgery because the eyes are covered postoperatively, although the exact reason remains unclear. [11] We hypothesized that agitation would be alleviated by the analgesic and sedating effects of esmolol and attenuation of airway stimulation by lidocaine.
Methods

Ethical approval
This double-blind, prospective, randomized, controlled clinical trial was approved by the Institutional Review Board of Soon Chun Hyang University Cheonan Hospital (No. 2017-05-026-002), and conducted in accordance with the tenets of Declaration of Helsinki. This study was registered in the Clinical Research Information Service (No. KCT0002925). Written informed consent was obtained from the parents of children.
Patients enrollment
Eighty-four children undergoing strabismus surgery aged 3 to 9 years with American Society of Anesthesiologists physical status I or II between June 2017 and February 2018 were enrolled. Patients with a cardiac disorder, respiratory disease, or mental disorder were excluded. The study participants were randomly assigned to a control (saline) group, a lidocaine group, or an esmolol and lidocaine (EL) group using a computerized random sequence generator program (www. random.org). The investigator who was involved in drug administration was blinded to group allocation. A nonblinded nurse prepared the study drugs in the recovery room and handed syringes containing the drugs to the investigator. Drug administration and patient evaluation were performed by a single investigator.
Method of anesthesia
All patients received intramuscular injections of glycopyrrolate 0.01 mg/kg as premedication. Heart rate, mean arterial pressure, and the SpO 2 level were monitored, and thiopental 5 mg/kg and rocuronium 0.6 mg/kg were administered immediately prior to induction. Vital signs were then checked at 5-minute intervals. At intubation, esmolol 0.5 mg/kg was injected intravenously and anesthesia was maintained with 2% sevoflurane in a mixture of oxygen and air (FiO 2 0.5) and maintenance of normocapnia. Dexamethasone 0.5 mg/kg was injected before surgery. The inhalation anesthetic levels were elevated or nicardipine was administered if the patient's blood pressure (BP) or heart rate rose by >25% of the baseline value, and atropine 0.01 mg/kg was administered if bradycardia developed. All patients received 1:4 saline dextrose.
Protocols for three groups
The control group received saline at a volume equivalent to that of 1.5 mg/kg of lidocaine at the end of surgery and saline at a volume equivalent to that of 0.5 mg/kg of esmolol when they started to move voluntarily. The lidocaine group received 1.5 mg/kg lidocaine intravenously at the end of surgery and saline at a volume equivalent to that of 0.5 mg/kg of esmolol when they started to move voluntarily after the gas was turned off. The EL group received 1.5 mg/kg of lidocaine at the end of surgery and 0.5 mg/kg of esmolol when they started to move voluntarily after the gas was turned off. The esmolol dose used in this study was determined from the dose administered when esmolol is used as an adjunct to opioids, which is generally 0.5 mg/kg. [12] The lidocaine dose was determined based on reports of lidocaine being effective in reducing airway stimulation when administered at a dose of 1.5 mg/kg. [13, 14] The primary outcome was the effect of esmolol and lidocaine on the severity of postoperative agitation in children who have received sevoflurane anesthesia. The secondary outcomes were vital signs, severity of pain, amount of fentanyl used, extubation time, and recovery time. All patients were monitored from the end of surgery to the time of discharge from the recovery room.
Outcome measures
Agitation was measured using the objective pain score (OPS), Cole 5-point score (CPS), and Richmond Agitation Sedation Scale (RASS) [Tables [1] [2] [3] , starting when the patients awoke from anesthesia and initiated spontaneous breathing at 6 to 8 ml/kg. Even though the Pediatric Anesthesia Emergence Delirium (PAED) scale is typically used to measure agitation in children, we opted to use the OPS instead because the children's eyes were covered, thereby preventing use of the PAED scale. Although the OPS is an instrument that measures pain, given a report [6] showing that an OPS score of ≥4 is similar to the 4-point PAED scale item "The child is restless" while a score of 5 means "The child is inconsolable," we decided that an OPS score of ≥4 indicated agitation rather than a pain response and, strabismus surgery is known to be associated with little pain. [6] Thus, we determined that the OPS would be useful for measuring agitation.
Postoperative care
All patients were extubated and transferred to the recovery room when spontaneous breathing at 5 to 8 ml/kg was stable and head elevation was possible. The extubation time was the interval between the completion of surgery and extubation. The recovery time was the interval between arrival in and departure from the recovery room after recovering from anesthesia. The OPS, CPS, and RASS were applied; heart rate, BP, and blood oxygen saturation were measured on arrival in the recovery room and at 10 and 30 min after arrival. When the objective OPS score was 3 to 4 for up to 10 min after arrival in the recovery room, verbal sedation was attempted, given that the symptoms were not considered to be pain responses but rather agitation after awaking from anesthesia. Symptoms were considered to be pain responses if verbal sedation failed, and fentanyl 1 mg/kg was administered after 10 min.
Statistical analysis
In the study by Cao et al, [15] the results were statistically significant when OPS scores differed by more than two points, and they calculated that the number of patients required for an alpha of 0.5, a beta of 0.1 (power of 90%), and a dropout rate of 20% would be 28. The incidence of Chinese Medical Journal 2019;132 (7) www.cmj.org
severe agitation was 30% in that study. Based on the values of OPS in the control group [median (range), 2 (0-6); mean ± standard deviation (SD), 2 ± 1.5] and dexmedetomidine group [median (range), 0 (0-7); mean ± SD, 0 ± 1.75] in the previous study, [15] the sample size was calculated using the Bonferroni method. First, we assessed the descriptive summary statistics (the mean ± SD values for age, weight, operating time, duration of anesthesia, and extubation and recovery times; sex distributions and proportion of patients who received fentanyl; and the median OPS, CPS, and RASS scores). The three study groups were compared using the Pearson chi-square test, the Bonferroni method, analysis of variance (ANOVA), or the Kruskal-Wallis test, as appropriate. All statistical analyses were performed using SPSS software (version 21.0; IBM Corp., Armonk, NY, USA). All tests were twotailed and a P-value < 0.05 was considered statistically significant. Figure 1 shows the CONSORT flow diagram for the pediatric patients in this study. Eighty-four patients were enrolled. Ten patients with fever and upper respiratory tract infection were excluded on the day of surgery, and three who developed nausea and vomiting after surgery.
Results
Enrollment and exclusion
Comparison of agitation incidence
When the incidence of agitation from awakening to the arrival at the recovery room is defined as an OPS score of 4 or higher, the incidence was 20% in the EL group, 63% in the Lidocaine group, and 45% in the Control group. Compared to the Control group, the EL group had a significantly lower incidence (P = 0.01), and when compared to the Lidocine group, the EL group also had a significantly greater reduction of incidence (P = 0.00). Although the Lidocaine group had a higher incidence, there was no statistically difference in incidence between the Lidocaine group and Control group (P = 0.515).
Demographic data and characteristics
There was no statistically significant between-group difference in patients' age (P = 0.085), weight (P = 0.369), sex (P = 0.784), operation duration (P = 0.999), anesthesia duration (P = 0.978), extubation time (P = 0.175), recovery time (P = 0.163), fentanyl use (P = 0.316) [ Table 4 ]. Furthermore, there was no significant difference in extubation time among the three groups (P = 
Randomized (n=71)
Allocated to Esmolol and Lidocaine Chinese Medical Journal 2019;132 (7) www.cmj.org 0.175), likely because neither esmolol nor lidocaine has a marked effect on the level of sedation. As shown in Table 5 , although the EL group showed a statistically significant decrease in systolic blood pressure (113.5 ± 17.4 mmHg, P < 0.05) and heart rate (113.9 ± 8.9 beats/min, P < 0.05) on awakening, there were no hemodynamic changes over time in any of the study groups that could be attributed to the short duration of action of esmolol.
Comparison of agitation score
Although the lidocaine group and control group did not differ significantly in terms of the severity of agitation [ Table 6 ], the EL group had lower OPS and RASS scores than the other two groups when patients awoke from anesthesia (OPS = 0 (0-4), RASS = À4 [(À5)À1]) and were transferred to the recovery room (OPS = 0 (0-8), RASS = À 1 [(À5)À3]) (P < 0.05). After being transferred to the recovery room, if the pediatric patient shows agitation, 10 min of verbal relaxation was attempted. If this failed, fentanyl was administered regardless of the level of agitation. Therefore, agitation scores measured at 30 min were not statistically significant (P > 0.05). Unlike the OPS and RASS scores, there was no significant difference in the CPS score among the three groups at the time of arrival in the recovery room (P > 0.05), likely because its criteria are not as detailed as those for the OPS Data are expressed as number of patients, mean ± standard deviation, or n (%).
Chinese Medical Journal 2019;132 (7) www.cmj.org and RASS. Although emergence agitation delayed discharge from the recovery room, we found that the time spent in the recovery room was similar among the three groups (P > 0.05); most children stabilized and their pain had resolved at 30 min after arrival in the recovery room.
Discussion
Children in the group that received an intravenous injection of esmolol and lidocaine at the end of surgery were less agitated than those in the other two groups from the time of awakening in the operating room to arrival in the recovery room. The incidence of postoperative agitation differs between school-aged children and preschool-aged children. However, we did not distinguish between these age groups and enrolled children aged 3 to 9 years. This is unlikely to have affected the outcomes, given that the three groups did not differ significantly in terms of age, and the lidocaine group had a greater OPS score after arrival in the recovery room, although there were more preschool-aged children in the control group (19 of 22) than in the lidocaine group (14 of 22).
Postoperative agitation is common in children. It is known that several factors, including the anesthetic agent, anxiety, young age, and pain, cause postoperative agitation in this age group. It can cause many problems, including the risk of additional injury, a need for increased staffing, and Table 6 : Postanesthesia agitation data of patient undergoing strabismus surgery (n = 22 in each group).
Data are expressed as median (range). I (0): during induction; A (0): immediately after waking from anesthesia; R (0): immediately after arriving in recovery room; R (10): 10 min after arriving in recovery room R; (30): 30 min after arriving in recovery room. OPS: Objective pain score; CPS: Cole 5-point score; RASS: Richmond-agitation-sedation scale. * P < 0.05, Esmolol+lidocaine group, Lidocaine group compared to Control group. † P < 0.05, Esmolol+lidocaine group compared to Lidocaine group. Chinese Medical Journal 2019;132 (7) www.cmj.org delays in recovery. [6] Therefore, many studies have explored the use of opioids, midazolam, and analgesics to reduce postoperative agitation. Opioids are the agents used most often to alleviate agitation. However, their use is associated with a high risk of postoperative nausea and vomiting, as well as risks of urinary retention, respiratory depression, and delayed emergence from anesthesia. [16, 17] Therefore, many studies have explored ketorolac, acetaminophen, and midazolam as alternatives to opioid to attenuate emergence agitation. [18] Some studies found that children premedicated with midazolam were less agitated after surgery while others reported that airway sensitivity to midazolam delayed discharge from the recovery room. [5] Midazolam worsened pain because of its anti-analgesic effects, [19] limiting use of the drug in children. The rationale for use of ketorolac and acetaminophen to lessen agitation is that alleviation of pain reduces agitation. However, these two drugs cannot be used only to mitigate agitation; many studies have found that agitation can develop in the absence of pain. [3, [20] [21] [22] [23] For example, covering the eyes after strabismus surgery may trigger anxiety and agitation.
Sevoflurane, an inhaled anesthetic often used in children, is associated with rapid induction and emergence; its blood solubility is low and there is no airway stimulation. However, sevoflurane has been associated with various complications, including agitation on emergence, [1, 18, 24] particularly after pediatric ophthalmic surgery (the eyes are covered postoperatively). One study found that 44% of pediatric patients who underwent strabismus surgery showed emergence agitation. [25] Although it is unclear why agitation is prevalent after strabismus surgery, it may be attributable to anxiety or airway stimulation rather than pain. Although intravenous infusion of lidocaine may delay recovery, postoperative sore throat is reduced, possibly lessening agitation. [7, 8] The mechanism by which lidocaine relieves sore throat and cough remains unclear, but it is known that the drug reduces secretion of neuropeptides in the brainstem and airway by inhibiting stimulation of sensory C fibers in the airway and reducing stimulation of the mucosa in the airway by the tracheal tube. [26] One study found that lidocaine reduced agitation by lessening airway stimulation [8] and another found that the drug had no effect on agitation. [27] In the former study, 1 mg/kg of 1% lidocaine or 2 mg/kg of 2% lidocaine was administered after return of spontaneous breathing; in the latter study, lidocaine 1.5 mg/kg was administered at the end of anesthesia. Therefore, it is difficult to determine the effects of lidocaine on agitation. In this study, we explored whether lidocaine 1.5 mg/kg alone (to relieve sore throat) mitigated agitation, or whether lidocaine 1.5 mg/kg (to relieve sore throat) and additional use of esmolol (to reduce anxiety) was helpful. Moreover, the study included patients undergoing strabismus surgery, which is associated with only low-level pain.
Esmolol is a beta-blocker that is generally used to lower the heart rate after intubation or surgical stimulation. [28, 29] In this study, esmolol was administered not only on awakening but also during induction. However, we believe that esmolol administered at the time of induction would exert only a minimal effect; the mean operating time was only 30 min, and the peak effect of esmolol occurs within 5 to 10 min and lasts for only 10 to 20 min. Beta-blockers also reduce surgical stress and the levels of anesthetics and opioids required. Beta-agonists increase wakefulness and excitation by activating the reticular activating system in the brain, [30] in turn reducing cortical arousal, which is how esmolol reduces agitation. [30, 31] Several studies found that esmolol reduced the need for analgesics and sedatives, but most researchers have reported that esmolol is more effective when combined with other drugs than when administered as monotherapy.
[10, 22, 32, 33] For this reason, we combined esmolol with lidocaine, which relieves sore throat. Strabismus surgery in children is known to cause minimal pain, [25, 34] so we attempted to determine whether injection of lidocaine can reduce agitation by attenuating stimulation of the airway. And also, we predicted that because esmolol not only maintains hemodynamic stability but also suppresses wakefulness, [30] using the two agents in combination would achieve a greater reduction in agitation. Therefore, we compared an EL group with a lidocaine group, and found that only the patients in the EL group had a statistically significant reduction in agitation. However, there is a limitation that esmolol alone has not been compared. Therefore, further studies on the effect of using esmolol alone are needed. It can be inferred that agitation was decreased by a combination of the ability of esmolol to block beta receptors and decrease wakefulness [30] and the ability of lidocaine to lessen airway stimulation in children. [14] Infusions of esmolol are not commonly used in pediatric patients because their safety is not confirmed.
Unlike other studies in which esmolol was administered as a bolus for induction, infused during anesthesia, or administered as a further bolus at the end of surgery, [9, 10, 31, 32, [35] [36] [37] [38] we delivered boluses on induction and awakening. Therefore, it is possible that the duration of any effect of esmolol on agitation was less than if the drug had been administered via a continuous infusion. The extent and duration of esmololmediated effects require further examination.
We used the RASS rather than the more popular PAED because it contains an item measuring the extent of eye contact with the caregiver. Our patients were blindfolded after surgery, so were unable to make eye contact. Furthermore, the RASS affords a more detailed measure of pediatric agitation when used in conjunction with the OPS and CPS.
This study has some limitations. First, we did not distinguish between patients in whom one or both eyes was/were covered. Second, agitation that persisted for 10 min after arrival in the recovery room was considered to be a pain response. Such patients received fentanyl regardless of symptom severity and we did not explore the possibility of a relationship between severity of agitation and administration of fentanyl. Third, the RASS can be used to subclassify agitation in children. However, the RASS is generally employed to measure sedation and agitation in patients in the intensive care unit. Therefore, items commonly used to measure agitation in children were not perfectly matched with RASS items. Fourth, the bispectral index is not used in children at our institution.
However, we maintained the state of anesthesia at 1 MAC from induction to emergence from anesthesia. Furthermore, although there were no tools available to measure the consumption of sevoflurane, the duration of anesthesia and the concentration of sevoflurane were similar in the three study groups. We believe that these factors had no significant impact on the results of our study. Fifth, we did not use the PAED, which is commonly used to measure the severity of agitation in pediatric patients, because one of the items in the PAED checks for eye movement and the patients in this study had their eyes covered after strabismus surgery. Therefore, given that OPS score >4 indicates symptoms of anxiety and agitation in children in other study, [6] and, strabismus surgery is known cause minimal pain, [22] we determined that if an OPS score was >4, any agitation would have a cause other than pain.
In conclusion, administration of both lidocaine and esmolol at the end of anesthesia reduced agitation when pediatric patients awoke from anesthesia and were transferred to the recovery room. This effect was helpful even though it was of short duration; because when patients are transferred from the operating room to the recovery room, further reducing the risk of fall-related accidents. Further studies should explore whether such treatment is useful after procedures other than pediatric strabismus surgery.
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